Anticoagulants are the cornerstone of treatment of venous thromboembolism associated with various medical conditions and surgical procedures. They act on different steps of the coagulation pathway and are broadly categorized into heparins, vitamin K antagonists, and inhibitors of thrombin and factor Xa. The classification is evolving as newer and better oral and parenteral anticoagulants are being added. Anticoagulants in dermatology are important not only for their therapeutic application in cutaneous thrombotic dermatoses such as livedoid vasculitis, purpura fulminans, superficial and deep venous thrombosis and others but also for their use in non-thrombotic dermatoses such as lichen planus, recurrent oral aphthosis, chronic urticaria and several others. Further, the use of anticoagulants for any indication is associated with various adverse effects with dermatologic manifestations including specific reactions such as warfarin-induced skin necrosis, heparin-induced thrombocytopenia and anticoagulant-associated cholesterol embolization syndrome.
INTRODUCTION
Anticoagulants are a class of oral and parenteral drugs that inhibit the development and progression of clots by acting on different phases of the coagulation pathway [ Figure 1 ]. These drugs neither lyse clots nor influence the fibrinolytic pathway. Anticoagulants can be broadly classified into heparins, vitamin K antagonists (coumarins) and inhibitors of thrombin and factor Xa [ Table 1 ]. The first two classes of drugs have been the cornerstone of treatment in venous thromboembolism with the latter two reserved for patients with complications and those requiring intervention. [1] Heparins [ Table 2 ] are rapidly acting parenteral anticoagulants and unfractionated heparin has been used for many years. In the last couple of decades, unfractionated heparin has largely been replaced by low molecular weight heparins as they are effective and safer and there is no need to routinely monitor their efficacy. Specific adverse effects associated with unfractionated heparin (see below) are rarely encountered with low molecular weight heparins. Heparins are widely used for the prevention and initial short-term treatment of venous thromboembolism.
Vitamin K antagonists [ Table 3 ] are slow-acting and hence have no role when immediate anticoagulation is desired. They have a narrow therapeutic range and their efficacy needs frequent monitoring with determination of the international normalized ratio (INR). Vitamin K antagonists are currently used for the treatment and prophylaxis of venous thromboembolism in medical and surgical patients. Both heparins and vitamin K antagonists are used for the long-term prevention of stroke and systemic thromboembolism in patients with atrial fibrillation, for the secondary prevention and treatment of patients with acute coronary syndromes and in clinical situations requiring inhibition of intravascular clotting. [2, 3] Direct thrombin inhibitors and factor Xa inhibitors [ Table 3 ] are newer classes of anticoagulants with better characteristics and side effect profiles compared to the heparins and coumarins.
Dermatologically, anticoagulants are important both in terms of their therapeutic applications in various dermatoses as well as specific dermatological adverse effects associated with their usage [ Table 4 ]. Among the heparins, the low molecular weight heparins have been used in a variety of dermatological conditions and are not just limited to cutaneous thrombotic vasculopathies.
THERAPEUTIC APPLICATIONS OF ANTICOAGULANTS IN DERMATOLOGICAL DISORDERS
Thrombotic cutaneous vasculopathies Livedoid vasculopathy Livedoid vasculopathy or livedoid vasculitis is characterized by painful purpuric lesions involving the lower extremities that evolve into shallow ulcers which heal with stellate ivory-white scars [ Figure 2 ].
It is attributed to hypercoagulable states (idiopathic or associated with collagen vascular diseases, vascular thrombotic disorders and malignancies) resulting in microvascular thrombosis with consequent cutaneous ischemia and necrosis. [4] Various therapeutic modalities are employed in its treatment including antiplatelet drugs, fibrinolytics, vasodilators and intravenous immunoglobulins, with varied results.
Anticoagulant drugs, coumarins (warfarin) and heparins (unfractionated heparin and low molecular weight heparins) have proven beneficial both when used as monotherapy and in combination with other modalities listed above. Several anecdotal reports have upheld their role, especially in recalcitrant livedoid vasculopathy and livedoid vasculopathy associated with coagulation disorders, antiphospholipid syndrome and the like. [5] [6] [7] [8] [9] [10] [11] When warfarin is used, it is recommended to be started at lower doses maintaining the international normalized ratio between 1.5 and 2, and it may have to be continued for a few weeks after clinical resolution. However, the slow onset of action, need for frequent monitoring, narrow therapeutic index, frequent interactions with other drugs and difficulty in maintaining the desired international normalized The pentasaccharide sequence is found on 1/3 rd and 1/5 th of the chains of unfractionated heparin and low molecular weight heparins respectively and hence the latter exert a less potent but more predictable anticoagulant response. Side effects include major and minor hemorrhage and thrombocytopenia Low molecular weight heparins Same as above.
Enoxaparin also inhibits expression of P-selectin, and reduces ICAM1 and MMP expression in a dose-dependent manner thus reducing inflammation [2] Plasma anti-Xa levels are measured after 4 h of administration with subsequent dosing adjusted to peak levels of 0. Fondaparinux is avoided in severe renal failure as it is exclusively excreted through the kidney INR: International normalized ratio, NSAIDs: Nonsteroidal anti-inflammatory drugs, aPTT: Activated partial thromboplastin time ratio due to the patient's diet which may be rich in vitamin K have precluded the use of coumarins as first choice anticoagulants. [3] Although both unfractionated heparin and low molecular weight heparins are used, the latter are currently preferred for livedoid vasculopathy because of their advantages although there still are concerns related to cost, need for parenteral administration and the risk of osteoporosis. The inherent anti-inflammatory action of low molecular weight heparins provides an added benefit in the treatment of livedoid vasculopathy [ Figure 3 ]. Hairston et al. reported the successful use of enoxaparin in two cases of livedoid vasculopathy that were not responding to anti-platelet and vasodilator drugs and advocated its use as a viable alternative in treating refractory livedoid vasculopathy. [12] Francès and Barete followed 16 patients of livedoid vasculopathy who were treated with various modalities, but only the response to anticoagulants was satisfactory to curative in the majority. They opined that anti-platelet drugs alone rarely induce complete remission and vitamin K antagonists and/or low molecular weight heparins are more frequently effective, the choice among them guided by cost concerns, risk-benefit ratio, quality-of-life parameters and associated co-morbidities. [13] There are no fixed guidelines regarding the dosage of anticoagulants in the treatment of livedoid vasculopathy. Hairston et al. used enoxaparin in a dose of 1 mg/kg twice daily (the dose used to treat active thrombosis) for 6 months followed by 1 mg/kg/day in one patient and 30 mg/day twice daily (peri-operative thrombo-prophylactic dose) in the other for 7 months. Di Giacomo et al. used enoxaparin 40 mg daily, dalteparin 5000 IU/day and unfractionated heparin 5000 IU 12 th hourly in 5, 3 and 3 patients respectively. [5] Yang et al. treated 27 patients of atrophie blanche using unfractionated heparin. Nineteen (70%) of these patients who were administered a dose of 5000 IU daily had significant pain relief. [14] Hesse and Kutzner employed sub-thrombo-prophylactic doses of dalteparin (2500 IU/day for 14 days and then on alternate days until the ulcers healed) in 16 patients, nadroparin (2850 IU, 0.3 ml) in four patients and enoxaparin in two patients for an average duration of 7 weeks. Nineteen (86%) of these 22 patients showed complete remission. [7] Among the newer non-vitamin K oral anticoagulants, rivaroxaban is currently undergoing a phase II multicentre trial in the treatment of livedoid vasculopathy. [15] Purpura fulminans The term purpura fulminans describes a heterogeneous group of acute, potentially fatal disorders characterized by extensive cutaneous necrosis and peripheral gangrene resulting from widespread thrombosis of the dermal capillaries and venules with hemorrhagic infarction of the surrounding tissues, associated with laboratory evidence of consumptive coagulopathy. [16] It occurs as a result of a relative deficiency of the protein C-mediated hemostasis mechanisms. Purpura fulminans is categorized into (a) neonatal purpura fulminans which is due to homozygous or compound heterozygous protein C or protein S deficiency that manifests shortly after birth, (b) acute infectious purpura fulminans that is due to an acquired protein C or protein S deficiency as a consequence of coagulative consumption of protein C, protein S and antithrombin III associated with sepsis-induced disseminated intravascular coagulation, and (c) post-infectious or idiopathic purpura fulminans due to the development of antibodies against protein S with consequent hypoactivation of the protein C pathway and dermal vascular hypercoagulability. [17] The management of purpura fulminans includes an immediate phase therapy which aims at replenishing the pro-and anti-coagulant factors depleted in the setting of disseminated intravascular coagulation and a maintenance phase therapy aimed to prevent ongoing thrombosis. Immediate administration of fresh frozen plasma or protein C concentrate is the cornerstone of early phase management, along with supportive measures depending on the type and cause of purpura fulminans. Although anticoagulants help in reversing or preventing the progression of thrombosis, their use in the early phase is debated as there is an increased bleeding risk from reduced procoagulant factors due to disseminated intravascular coagulation. However, when purpura fulminans is accompanied by large venous thrombosis or central venous catheter thrombosis, heparin is usually necessary. It must be given along with fresh frozen plasma to reduce the risk of bleeding and avoid heparin resistance due to acquired antithrombin deficiency associated with severe sepsis. [18] Both unfractionated heparin and low molecular weight heparin can be used. Unfractionated heparin is recommended at a dose of 28 U/kg/h with a target anti-Xa level of 0.3-0.7 U/ml. The recommended dose of low molecular weight heparins is 1.0-1.5 mg/kg/dose every 12 h with a therapeutic target anti-Xa level of 0.5-1 U/ml. [19] Although it was not statistically significant, Kuppermann et al. observed that the mean number of digits and extremities with necrosis was less in those patients who received heparin within 72 h as against those who did not. In patients with only diffuse purpura at admission, a favorable outcome was much more frequent with heparin administration than without it. [20] Relapse can, however, occur if heparin is reduced or discontinued within several days of the initial response. [17, 21] In general, the post-infectious (idiopathic) form of purpura fulminans responds better to heparin with no tendency for recurrence while purpura fulminans associated with deficiency or inhibition of protein C responds better to protein C concentrate and is associated with recurrence. [21] Plasma exchange is also employed in idiopathic purpura fulminans to clear the autoantibodies. Thomson et al. successfully managed a case of post-varicella purpura fulminans with anticoagulation and plasma support and opined that timely anticoagulation may preempt the need for plasma exchange in such cases. [22] Macheret et al. noted a dramatic improvement in eschars after 1 week of initiation of dalteparin in their 6-month-old patient who presented with purpura fulminans with normal protein C and S levels. They advocate an empirical trial of anticoagulation to prevent the catastrophic complications of purpura fulminans and developmental delays in infants with this condition. [17] Anticoagulants have a definite role in the long-term management of purpura fulminans, especially in the setting of deficiency or inactivation of protein C or S. Warfarin is recommended widely in this regard. If protein C is not concurrently administered as prophylaxis, the international normalized ratio needs to be maintained between 2.5 and 3.5. With protein C replacement, a smaller dose of warfarin (maintaining the international normalized ratio between 1.5 and 2.5) is recommended. [23] Warfarin therapy should be used with extreme caution since it can cause further depletion of protein C and S and may precipitate further microvascular thrombosis and purpura fulminans. Warfarin administration must therefore overlap with, and only be started after several days of anticoagulation with heparin to avoid warfarin-induced skin necrosis (see below) and other thrombotic complications. [19] Martinelli et al. in their 6-year-old patient with purpura fulminans with severe protein S deficiency on long-term warfarin prophylaxis noted recurrent warfarin-induced skin necrosis as the depletion of protein C (attributed to a relatively lower international normalized ratio target) outweighed its anticoagulant action. They switched over to rivaroxaban resulting in disappearance of skin necrosis by 1 year. Hence, they suggest rivaroxaban as an appropriate anticoagulant in patients with severe inherited protein S deficiency and warfarin-induced skin necrosis. [24] Long-term successful anticoagulation in purpura fulminans has also been achieved using low molecular weight heparins. [25] Superficial venous thrombosis Superficial venous thrombosis is a relatively under-reported clinical entity characterized by an acutely inflamed and tender cord-like thickening of superficial veins along with erythema, variable edema and tenderness of the surrounding skin. Superficial venous thrombosis commonly occurs in the lower limb, involving the greater saphenous vein, mostly in the setting of varicose veins, especially associated with old age, obesity and protein S deficiency. Superficial venous thrombosis may complicate or coexist with deep vein thrombosis or pulmonary embolism. [26] Various treatment modalities for superficial venous thrombosis include the use of elastic stockings, non-steroidal anti-inflammatory drugs, anticoagulants and surgical treatment. Considering the risk of thromboembolic complications associated with superficial venous thrombosis and with superficial venous thrombosis being a cause for recurrent deep vein thrombosis, the use of anticoagulants (as monotherapy or as an adjuvant to surgical treatment) is frequently advocated as they act on thrombus formation and its propagation, the main pathophysiological events of the disease. [27] Studies comparing heparins (unfractionated heparin and low molecular weight heparin) with anti-inflammatory agents have demonstrated significantly more favorable outcomes in terms of clinical resolution, recurrence and complications in those who received heparins. [28] [29] [30] Therapeutic doses, in general, have more advantages than prophylactic doses. [31] Ascer et al. administered full therapeutic doses of heparin in 20 patients with thrombophlebitis of the sapheno-femoral junction followed by warfarin as maintenance treatment. They observed prompt resolution, no episodes of pulmonary embolism, no recurrences and no complications of anticoagulation with a follow-up of 14 months. [32] However, Prandoni et al. did not note much difference between the fixed prophylactic dose and weight-adjusted therapeutic dose of nadroparin in terms of progression of superficial venous thrombosis and venous thrombo-embolic complications. [33] Topical formulations of heparin have also been studied but these were only preliminary studies whose conclusions need to be confirmed using appropriate study designs and adequate sample size. [34, 35] A Cochrane review published in 2007 recommended non-steroidal anti-inflammatory drugs and low molecular weight heparin as the first option in the treatment of superficial venous thrombosis. [36] However, the second update on this review recommends prophylactic-dose fondaparinux given for 6 weeks as a valid therapeutic option for superficial venous thrombosis of the legs. [37] This review also included a large randomized, double-blind trial which found fondaparinux, administered subcutaneously at a dose of 2.5 mg once daily to be associated with significant reductions in symptomatic venous thromboembolism, superficial venous thrombosis extension and recurrence, with comparable rates of major bleeding relative to placebo. [38] The latest consensus guidelines from the American College of Chest Physicians also recommend prophylactic fondaparinux or low molecular weight heparin over no anticoagulation and fondaparinux over low molecular weight heparin for extensive superficial venous thrombosis of the legs. [39] Fondaparinux should be avoided in patients with renal disease, active bleeding, bacterial endocarditis and body weight <50 kg. Furthermore, prolonged administration warrants renal function monitoring and termination of therapy if creatinine clearance is <30 ml/min. [40] In patients with advanced renal insufficiency, unfractionated heparin is the drug of choice. [41] Evidence for the use of coumarins in the treatment of superficial venous thrombosis is limited. [42] Deep vein thrombosis Deep vein thrombosis and pulmonary embolism are collectively included under venous thromboembolism. Deep vein thrombosis most commonly involves the deeper venous system of the lower extremities and is characterized clinically by erythema, edema, warmth, pain and tenderness. It needs prompt and aggressive treatment because of its potential for complications that include pulmonary embolism and recurrent deep vein thrombosis. Although previous episodes of deep vein thrombosis remain the single most important risk marker, old age, obesity, malignancy, hereditary thrombophilia and prolonged immobility associated with major surgery (especially orthopedic surgery) or hemiplegia are other important risk factors. In up to 50% of cases, however, no identifiable risk factors are seen and such "unprovoked" cases carry a high risk of recurrence. [43, 44] The management of deep vein thrombosis involves prophylaxis in patients following major surgeries (such as total hip and knee replacement surgery), and treatment of the problem when it develops. Anticoagulants are the primary treatment modality in both these situations. Treatment involves anticoagulants in an initial acute phase (first 5-10 days) followed subsequently by extended treatment. The conventional protocol involves the initial use of parenteral heparin (unfractionated heparin or low molecular weight heparin) or fondaparinux, transitioned to oral warfarin as long-term treatment. However, owing to the need for frequent monitoring with warfarin (and other disadvantages described above), non-vitamin K oral anticoagulants such as apixaban, edoxaban, rivaroxaban (factor Xa inhibitors) or dabigatran (direct thrombin inhibitors) have been studied and all have shown efficacies comparable to the conventional approach. [45] Büller et al. found edoxaban to be non-inferior to warfarin both in terms of recurrent symptomatic venous thromboembolism and major or clinically relevant non-major bleeding. [46] A fixed-dose dabigatran regimen (150 mg twice daily for 6 months) was found comparable to warfarin in terms of efficacy and safety, without laboratory monitoring. [47, 48] Eighteen (50%) of the 36 patients in another study showed complete dissolution of the deep vein thrombosis over a period of 4.3 ± 4.3 months when dabigatran was used as monotherapy without preceding heparin. [49] Apixaban has also been administered as an extended anticoagulation therapy in patients with venous thromboembolism who had already completed 6-12 months of anticoagulation, in whom the treating physicians were uncertain about continuation of anticoagulant therapy. In comparison to placebo, apixaban reduced the risk of recurrent venous thromboembolism without increasing the rate of major bleeding. [50] Further, fixed-dose apixaban therapy has been found to be non-inferior to conventional therapy in acute venous thromboembolism and was associated with significantly less bleeding. [51] For venous thromboembolism prophylaxis following major orthopedic surgeries (total hip replacement or total knee replacement), the American College of Chest Physicians recommends the use of low molecular weight heparin, fondaparinux, low-dose unfractionated heparin, adjusted-dose vitamin K antagonists, aspirin, or an intermittent pneumatic compression device for 10-14 days. [52] Based on the results of clinical trials, apixaban has been approved by the United State Food and Drug Administration for the primary prevention of deep vein thrombosis following hip and knee replacement surgeries. [53] [54] [55] Dabigatran has also been approved for this indication based on the results of a meta-analysis of data from various studies. [56] Although evidence is thus mounting in favour of non-vitamin K oral anticoagulants over conventional anticoagulants, certain clinical scenarios such as renal failure, malignancy and the presence of active bleeding at the time of presentation preclude their use as frontline medications in the management of deep vein thrombosis. [45] As regards the duration of anticoagulation in venous thromboembolism, the "acute phase" is generally for 3 months. The duration of "extended anticoagulation" is primarily influenced by the long-term risk of recurrence and secondarily by the risk of bleeding and patient preference. Indefinite anticoagulation is practiced in patients with active cancer, a second unprovoked venous thromboembolism event and in any circumstance where the risk of recurrence after completion of active phase treatment remains unacceptably high. [57] Antiphospholipid syndrome Antiphospholipid syndrome is an autoimmune acquired prothrombotic disorder characterized by recurrent arterial or venous thrombosis, pregnancy-related complications and circulating antiphospholipid antibodies. Persistent moderate-to-high positivity confirmed 12 weeks apart for at least one of anti-β2-glycoprotein 1 antibody, anticardiolipin antibody and lupus anticoagulant is necessary for a diagnosis of antiphospholipid syndrome. The secondary form of antiphospholipid syndrome is commonly associated with systemic lupus erythematosus. Cutaneous manifestations of antiphospholipid syndrome are myriad [ Table 5 ] and some of them correlate with involvement of the systemic vasculature (e.g., livedo reticularis is associated with cardiac and central nervous system thrombosis). [58] IgA anticardiolipin antibody positivity is an independent predictive factor for development of cutaneous lesions. [59] A catastrophic form of antiphospholipid syndrome with multifocal thromboses occurring simultaneously or in quick succession has also been described. [60] Anticoagulants in antiphospholipid syndrome are mainly employed for the treatment of thrombotic episodes and secondary thromboprophylaxis, and debate continues as to whether all asymptomatic patients with antiphospholipid antibodies should be given prophylaxis. However, the risk of a thrombotic event in asymptomatic antiphospholipid syndrome is significantly high among those who are positive for lupus anticoagulant (especially the IgG isotype), those showing triple positivity and patients with an underlying autoimmune disorder and cardiovascular risk factors. [62] Although studies have shown mixed results, anti-platelet therapy with low-dose aspirin is commonly recommended in such cases; it may be combined with hydroxychloroquine in patients with concomitant systemic lupus erythematosus. [63] [64] [65] Anticoagulants as a primary thromboprophylactic measure are advocated, with administration of low molecular weight heparin to cover high-risk episodes such as infections, trauma, major surgeries and prolonged immobilization. [64] Use of low-dose oral anticoagulants has also been advocated. [66] No additional benefit was noted when low-dose aspirin was combined with warfarin as compared to low-dose aspirin alone. In fact, a greater number of bleeding episodes and lower patient compliance were noted in the combination treatment group. [67] Warfarin is the mainstay of secondary thromboprophylaxis in the antiphospholipid syndrome. The intensity and duration of anticoagulation predominantly depend on whether the past thrombotic episode was venous or arterial. Although a higher intensity of anticoagulation may seem superior to moderate intensity, studies have not shown this. [68] [69] [70] For a past episode of arterial thrombosis, a more aggressive approach with higher intensity of anticoagulation (international normalized ratio >3) or combination antithrombotic therapy is recommended. [70, 71] Although some observations have shown the benefit of a limited duration of anticoagulation in a selected group of patients with antiphospholipid syndrome, as of now, indefinite secondary prophylaxis is recommended in both venous and arterial thrombosis as the re-thrombosis rate is significant, especially in the first 6 months of cessation of warfarin. [72] [73] [74] Where there is resistance or intolerance to warfarin or where warfarin is contraindicated (e.g., pregnancy), heparin/low molecular weight heparins appear to be viable options. [62, 75, 76] In obstetric antiphospholipid syndrome, a combination of aspirin and heparin (or low molecular weight heparin) is recommended. [77] Aspirin should be started before conception or once a positive pregnancy test is obtained. Warfarin must be substituted with heparin or preferably a low molecular weight heparin, continued throughout pregnancy. Warfarin can be restarted postpartum once the therapeutic international normalized ratio has been achieved. [78] Some small studies showed the potential usefulness of non-vitamin K oral anticoagulants in antiphospholipid syndrome and several large trials are ongoing. [79] [80] [81] [82] [83] [84] However, there is no consensus on the use of these agents as yet and warfarin remains the first-line secondary thromboprophylactic treatment in the antiphospholipid syndrome.
Other thrombotic cutaneous vasculopathies
Anticoagulants have also been used in Raynaud's phenomenon and digital ischemic ulcers of systemic sclerosis, Sneddon syndrome and malignant atrophic papulosis. Although calcium channel blockers and vasodilators are the first-line drugs in the management of Raynaud's phenomenon and digital ischemic ulcers of systemic sclerosis, enoxaparin has also been found to be useful in improving digital blood flow and progressive healing of digital ischemia. [85, 86] However, appropriate studies are required to confirm these findings before low molecular weight heparin can be used as an effective alternative. Sneddon syndrome (idiopathic, associated with primary antiphospholipid syndrome or associated with systemic lupus erythematosus with or without antiphospholipid antibodies) is characterized by generalized livedo reticularis with vascular thrombosis of the central 
Pregnancy-related morbidities
Early and late fetal losses, preeclampsia, recurrent miscarriage syndrome, prematurity, placental abruption and postpartum cardiopulmonary syndrome *Most common manifestations nervous system commonly involving the middle and posterior cerebral arteries. [87] The current treatment for Sneddon syndrome is long-term anticoagulation with warfarin as in the antiphospholipid syndrome. [88] Malignant atrophic papulosis or Köhlmeier-Degos disease is a multi-system thrombotic vasculopathy of unknown origin involving the skin, gastrointestinal tract and central nervous system, with characteristic papular cutaneous lesions that develop a typical central porcelain-white atrophy surrounded by telangiectasia.
There is no effective treatment for Köhlmeier-Degos disease and various modalities such as anti-platelet, fibrinolytic, immunosuppressive and biological agents (eculizumab) as well as anticoagulants have been tried with varying results. [89, 90] Other situations where anticoagulant treatment is employed include the treatment of inadvertent injection of sclerosant into arteries, and prophylactically in Klippel-Trenaunay syndrome and coagulopathies associated with vascular malformations.
Non-thrombotic dermatoses Lichen planus
There are several reports of the successful use of low molecular weight heparin in lichen planus, especially in the recalcitrant forms, owing to their anti-proliferative and immunomodulatory actions when employed in low doses. Very low doses have been shown to inhibit delayed hypersensitivity reactions and tumor necrosis factor α production, both of which are key elements in the pathogenesis of lichen planus. [91] Low molecular weight heparin was also shown to inhibit production of heparanase by activated CD4 + T-cells which allows them to penetrate the subendothelial basal lamina. [92] At a dose of 3 mg/week administered subcutaneously, enoxaparin led to recovery in 15 (71.4%) of 21 patients with lichen planus. [93] In comparison with oral prednisone, enoxaparin (5 mg/week) showed almost similar efficacy with fewer relapses and less side-effects in patients with disseminated lichen planus. [94] Enoxaparin has also proved beneficial in severe lichen planus not responding to conventional modalities. Thirteen (86.6%) of 15 patients showed significant improvement at the end of 1 month and 12 (80%) showed good improvement at the end of one study which employed 3 mg/week of enoxaparin for 20 weeks in lichen planus not responding to conventional treatment. [95] A case of severe ulcerative cutaneous lichen planus with concomitant hepatitis C infection was successfully treated with low molecular weight heparin. [96] Topical heparinoid has also been found effective in the treatment of cutaneous lichen planus not responding to topical steroids or tacrolimus. [97] Persistent generalized lichen nitidus has been reported to be successfully managed with enoxaparin sodium as well. [98] Recurrent aphthous stomatitis Based on the effectiveness of low molecular weight heparin in oral lichen planus, a pilot exploratory trial involving thirty patients with recurrent aphthous stomatitis treated with 3 mg/week of enoxaparin, administered subcutaneously was undertaken by Ghaffari et al. A significant decline in the number, size, recurrences, intensity and duration of painful lesions was noted after 8 weeks of treatment. [99] Femiano et al.
observed that the efficacy of systemic sulodexide was comparable to that of systemic prednisone with no significant adverse effects in patients with recurrent aphthous stomatitis not responding to topical corticosteroids. [100] Chronic idiopathic urticaria Chronic idiopathic urticaria is associated with activation of the coagulation cascade and fibrinolysis due to the involvement of eosinophils and tissue factor pathways with the resultant generation of thrombin. Plasma D-dimer levels (markers of coagulation cascade and fibrinolytic pathway activation) are seen to be elevated in chronic idiopathic urticaria which correlate with disease severity as well as reduced responsiveness to antihistamines. [101, 102] This is probably the basis for the effectiveness of low molecular weight heparin and fibrinolytics such as tranexamic acid in some cases of chronic idiopathic urticaria not responding to conventional therapeutic protocols. In a pilot study in patients with chronic idiopathic urticaria with persistently elevated plasma D-dimer who were unresponsive to antihistamines, there was marked improvement in 5 (62.5%) of 8 patients who were given nadroparin (11400 IU/day) and tranexamic acid (1 g thrice daily) for 2 weeks. [102] Others Heparin has also been used in certain recalcitrant cases of dermatitis herpetiformis, for cutaneous lesions of lipoid proteinosis (intralesional heparin) and in renal pruritus. [103] [104] [105] [106] DERMATOLOGICAL ADVERSE EFFECTS OF ANTICOAGULANTS
Vasculopathies

Warfarin-induced skin necrosis
Warfarin-induced skin necrosis is an uncommon, potentially life-threatening condition. It is more common in obese women in their sixth and seventh decades, especially in the setting of major surgery. Warfarin-induced skin necrosis occurs within 3-6 days of administration of high doses of warfarin (≥10 mg) without heparin/low molecular weight heparin bridging. As warfarin exerts its action by inhibiting vitamin K-dependent clotting factors, a transient prothrombotic milieu is created initially after the administration of warfarin due to inactivation of these factors. Protein C and factor VII are most vulnerable as they have the lowest half-life among all the vitamin K dependent factors. [90, 107] This situation is amplified in the presence of predisposing factors such as inherent deficiency of protein C and/or other vitamin K-dependent clotting factors and infections, or the presence of a thrombophilic disorder. [107, 108] The initial manifestation is sudden onset pain followed by the development of well-demarcated erythema that evolves to hemorrhagic bullae, necrosis and eschar formation. Areas with abundant fat such as the breasts, abdomen, hips and buttocks are predominantly involved. Histopathologically, fibrin thrombi are seen within the dermal and subcuticular vessels, with no or minimal inflammation. [90] Treatment is aimed at reversing the effects of warfarin by the administration of vitamin K or protein C concentrates. Warfarin must be stopped and replaced by heparin/ low molecular weight heparin. Warfarin may then be cautiously re-introduced, overlapping with heparin/low molecular weight heparin with the latter stopped once the desired international normalized ratio is achieved. Excessive necrosis and eschar formation may require surgical debridement and skin grafting. [108] Late-onset warfarin-induced skin necrosis in certain cases has been attributed to poor compliance with warfarin therapy, with its stoppage and resumption without heparin/low molecular weight heparin, acquired hypercoagulable states and abnormal liver function. [109, 110] Anticoagulant-associated cholesterol embolization syndrome Apart from arterial catheterization and thrombolytic therapy, the cholesterol embolization syndrome may also occur 4-8 weeks after anticoagulation therapy in patients with an underlying asymptomatic or severe atheromatous disease. Anticoagulation produces gradual dissolution of the clot overlying and stabilizing an atheromatous plaque. As a result, cholesterol crystals from the exposed plaque core can traverse through the circulation and lodge in small arterioles where they incite an inflammatory reaction leading to intravascular thrombosis, endothelial proliferation and fibrosis.
Clinical manifestations depend on the source of the emboli and the corresponding site of their lodgment. Frequent sources are the abdominal aorta, and iliac and femoral arteries. As a result, manifestations are commonly seen in the lower part of the body. The predominant cutaneous findings include livedo reticularis (most frequent), acrocyanosis (blue/purple toe syndrome) or acral gangrene with preserved peripheral pulses. Other lesions include nodules, infiltrated plaques and purpura. Systemic manifestations include sudden-onset hypertension, acute renal failure and gastrointestinal hemorrhage.
Management of cholesterol embolization is essentially individualized as there are no standard guidelines. Discontinuation of anticoagulants, administration of iloprost (parenteral) and antiplatelet drugs have been recommended. In the presence of laboratory evidence of inflammation (elevated C-reactive protein and erythrocyte sedimentation rate), systemic steroids are advised. Surgical modalities include endarterectomy and bypass or stent grafting. Lumbar sympathectomy is believed to relieve ischemic symptoms in the blue toe syndrome. Ischemia and necrosis may on occasion be severe enough to mandate amputation. [111] [112] [113] Heparin-induced thrombocytopenia Heparin-induced thrombocytopenia is an acquired, potentially dangerous hypercoagulability condition associated with the development of antibodies against heparin/platelet factor 4 complex which bind to platelet surface receptors resulting in their activation and aggregation and leading to thrombosis of veins, arteries or cutaneous microvasculature. Heparin-induced thrombocytopenia is slightly more common in women and post-surgical patients are especially predisposed. [90, 113] Although different classes of anti-heparin/platelet factor 4 antibodies are produced, IgG antibodies are important in producing thrombosis. However, only about 5-30% of cases with antibodies develop heparin-induced thrombocytopenia. [114] The syndrome commonly begins 5-15 days after heparin administration and is more common with unfractionated heparin (especially bovine heparin) than with low molecular weight heparin; it may rarely be associated with fondaparinux. [115] Thrombotic complications develop in 20-50% of patients with venous thrombosis (pulmonary embolism, thrombosis of deep veins of the lower limbs or adrenal veins) being more common than arterial thrombosis (acute ischemia of the extremities, myocardial or cerebral infarctions). [114] Cutaneous microvascular involvement presents as a well-demarcated, tender, purpuric rash with a characteristic retiform configuration and minimal erythema/inflammation. Lesions can occur at the site of subcutaneous injection or at distant sites when heparin is infused intravenously, and may progress to cutaneous necrosis and eschar formation. Histopathologically, the involved vessels appear plugged with platelets without fibrin ("white clots") or inflammation. Diagnosis of heparin-induced thrombocytopenia is based on clinical considerations, the platelet count and detection of anti-heparin/platelet factor 4 antibodies using an enzyme immunoassay. Significant vascular thrombosis may or may not be associated with thrombocytopenia and interpretation of platelet counts in established heparin-induced thrombocytopenia may at times be tricky if the pre-heparinization platelet count is unknown. A 50% reduction from the pre-treatment value is a better indicator of heparin-induced thrombocytopenia than the absolute platelet count. Polyclonal enzyme immunoassays lack specificity but are useful in excluding heparin-induced thrombocytopenia as they have a negative predictive value of 100%. More specific tests would be to estimate anti-heparin/ platelet factor 4-IgG antibodies and confirmation with serotonin release or heparin-induced platelet activation assays. [90, 113, 114] Treatment of heparin-induced thrombocytopenia involves cessation of heparin and anticoagulation with one of the direct thrombin inhibitors (lepirudin or argatroban), heparinoids (danaparoid) or fondaparinux. [116] [117] [118] The average duration of treatment is 4 and 12 weeks in asymptomatic patients and in those with thrombosis, respectively. Intravenous gammaglobulins and plasmapheresis can be alternatives in patients not responding to conventional measures. Data regarding the use of non-vitamin K oral anticoagulants in heparin-induced thrombocytopenia are lacking. Platelet transfusion is not recommended (unless the count is very low and associated with bleeding, or the patient is undergoing an intervention that carries risk of bleeding) as the transfused platelets may get activated, further complicating thrombosis. [114] Other dermatological adverse effects of anticoagulants Various cutaneous reactions may be observed at the injection site of heparins such as purpura, ecchymoses, necrosis, and infiltrated plaques. [119, 120] Calcinosis cutis has been reported to develop when calcium-containing low molecular weight heparin preparations are used. [121, 122] Heparins and other anticoagulants are also associated with hypersensitivity reactions such as urticaria, angioedema and Baboon syndrome, as also delayed hypersensitivity with patch test positivity. [119, 123] Telogen effluvium and nail changes (reduced growth, transverse bands and subungal hematomas) have been described in patients on heparin. [119, 124, 125] Heparins have been implicated in group 8 aplasia cutis congenita. [126] CONCLUSION It is important for dermatologists to have an in-depth knowledge of existing and emerging anticoagulants and their applications in various dermatological disorders. We may also come across patients on anticoagulant medications, where knowledge of these agents might help in formulating an appropriate line of management for their skin disorders without affecting their anticoagulation treatment. Obtaining information regarding what anticoagulant the patient is on and why, is especially prudent in dermatosurgery. [127, 128] Finally, being mindful of the specific cutaneous adverse effects related to their use is indispensable for their early identification and management.
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